Objective To investigate the prognostic value of cross-sectional areas (CSA) of paraspinal (multifi dus and erector spinae) and psoas muscles on magnetic resonance imaging (MRI) in chronicity of low back pain. Method Thirty-eight subjects who visited our hospital for acute low back pain were enrolled. Review of their medical records and telephone interviews were done. Subjects were divided into two groups; chronic back pain group (CBP) and a group showing improvement within 6 months after onset of pain (IBP). Th e CSA of paraspinal and psoas muscles were obtained at the level of the lower margin of L3 and L5 vertebrae using MRI. Results CSA of erector spinae muscle and the proportion of the area to lumbar muscles (paraspinal and psoas muscles) at L5 level in the CBP group were signifi cantly smaller than that of the IBP group (p<0.05). Th e mean value of CSA of multifi dus muscle at L5 level in the CBP group was smaller than that of the IBP group, but was not statistically signifi cant (p>0.05). CSA of psoas muscle at L5 level and all values measured at L3 level were not signifi cantly diff erent between the groups (p>0.05). Conclusion CSA of erector spinae muscle at the lower lumbar level and the proportion of the area to the lumbar muscles at the L5 level can be considered to be prognostic factors of chronicity of low back pain.
INTRODUCTION
Low back pain is one of the most common diseases in society, with about 80% of the adult population experiencing it at least once in their life-time. 1 It is also the second largest reason for the outpatient visits. 2 Acute low back pain usually resolves within 6 to 12 weeks. But, many of those who recover experience recurrence of the symptoms, which can become chronic. 1, 3 Most of the patients with low back pain are symptomatic 1-year later, and only 25% of patients fully recover without any low
www.e-arm.org back pain disability. 4 Low back pain, therefore, places a considerable restriction on functional and occupational activities of patients, which affects society and the economy, making a relevant treatment for the disease even more important. 1, 3, 4 Exercise for low back pain has focused on lumbar stabilization and core strengthening. [5] [6] [7] Especially, the multifidus muscle, one of the paraspinal muscles, is attached to the spine at every segment to provide stability to the spine. As such, it is sensitive to pathologic change. Lumbar stabilization exercises that strengthen the multifidus muscles reduce low back pain and its recurrence rate. [5] [6] [7] Studies have focused on identifying lumbar muscle changes as an index for functional disability in low back pain patients. Multifi dus muscle atrophy and reduction of their cross-sectional areas (CSA) has been descvribed. [8] [9] [10] [11] Kader et al. 8 analyzed the lumbar magnetic resonance imaging (MRI) data of 78 chronic low back pain patients, and reported that 80% of the patients showed multifi dus muscle atrophy. Danneels et al. 9 reported in their study using lumbar computed tomography (CT) that the CSA of the multifi dus muscles of patients with chronic low back pain was smaller than that of the healthy control group, with similar results from the ultrasound imaging studies of Hides et al. 10 and Wallwork et al. 11 Th ese studies mostly focused on the changes involving the multifi dus muscles. Some reports addressed the changes in psoas muscle or paraspinal muscles. 12,13 Parkkola et al. 12 noted that in patients with chronic low back pain, the psoas muscles and the paraspinal muscles were smaller compared to those of the healthy control group. Dangaria and Naesh 13 observed that patients with ipsilateral disc herniation, which is a cause of unilateral sciatica, showed reduced CSA of the ipsilateral psoas muscles. Studies conducted to date have focused on the comparison of the CSA of the lumbar muscles between patients with chronic low back pain and the healthy asymptomatic subjects, while few studies have addressed the association between chronicity of the acute low back pain and the CSA of lumbar muscles. The aim of this study was to investigate the association between the chronicity of adult patients with no past history of low back pain from acute low back pain to chronic back pain, and the CSA of lumbar muscles upon MRI.
MATERIALS AND METHODS

Subjects
Between January 2006 and December 2009, 491 patients who visited our Department of Rehabilitation Medicine for acute low back pain and received lumbar MRI were enrolled. Inclusion criteria were: 1) age between 20 and 40 years; 2) no past history of low back pain; 3) MRI performed within 1 month from the first appearance of the symptom; 4) ability to ambulate and be treated as an outpatient ; and 5) no abnormal findings (disc herniation, disc bulging, spinal stenosis, spondylolysis, spondylolisthesis, scoliosis, facet arthritis, spinal fracture and disc degeneration) on lumbar MRI and normal official radiology report. Forty nine patients satisfied the inclusion criteria. A telephone interview was initiated with each of these patients to discuss height, weight and duration of low back pain. Of the 49 subjects, 11 who refused a telephone interview or who changed their telephone numbers were excluded from the study. Finally, 38 subjects (22 males and 16 females; mean age 29.1±4.6 years) participated in the study. The subjects were divided into two groups by their duration of low back pain: chronic back pain (CBP) group (13 subjects, 10 males and three females; mean age 29.6±4.1 years) and the improved back pain (IBP) group (25 subjects, 12 males and 13 females; mean age 28.8±4.9 years). Th e CBP group was defi ned as patients who experienced low back pain for more than 6 months and the IBP group was defi ned as patients who recovered low back pain within 6 months.
Methods
Through the telephone interviews, the height, body weight, and the duration of the low back pain were investigated. The body weight (kg) was divided by the square of the height (m 2 ) to calculate the body mass index (BMI). The CSA of paraspinal (multifidus and erector spinae) and psoas muscles were obtained from axial T2 weighted images, which was superior in distinguishing muscle from fat, at the lower margin of L3 and L5 vertebrae using the Marosis m-view version 5.4 program (Fig. 1) . The CSA of multifidus and erector spinae muscles in the paraspinal muscles were separately measured on the bilateral sides. The CSA of psoas muscles were also www.e-arm.org measured on the bilateral sides. The proportions of the multifidus, erector spinae and psoas muscles to the lumbar muscles (paraspinal and psoas muscles) were calculated by dividing each CSA of the muscles by the sum of the CSA of the paraspinal muscles and the psoas muscles.
Statistical analysis was performed using SPSS 19.0. Mann-Whitney test was used to compare the diff erences between the two groups, in terms of CSA and proportion of each muscle. Statistical signifi cance was considered at p-value<0.05. All data are presented as mean±standard deviation.
RESULTS
Th e age, height, weight and BMI were not signifi cantly diff erent between the two groups ( Table 1) .
The CSA of erector spinae muscle at the lower margin of the L5 vertebrae in the CBP group (Right: 7.8±2. 4 with no statistically significant difference between the two groups ( Table 2) . Th e CSA of erector spinae and psoas muscles measured at the lower margin of L3 vertebrae were rather larger in www.e-arm.org the CBP group than in the IBP group. But, the diff erence between the two groups did not show any statistical significance. The CSA of the multifidus muscles at the lower margin of the L3 vertebrae also was not signifi cantly diff erent between the two groups (Table 4) .
DISCUSSION
Atrophy of the paraspinal muscles can be evaluated using ultrasound, CT, and MRI. MRI is hindered by its expense. But, it off ers higher image quality for soft tissues and is superior for examination in certain anatomical locations. MRI has thus been used in a number of studies, including this study. 8, 12, 13 Until now, most studies have focused on the comparison of the CSA of lumbar muscles between the patients with chronic back pain and healthy asymptomatic subjects to investigate the correlation between muscular atrophy or asymmetry and severity of symptoms or lumbar lesions, for example in lumbar disc herniation. [9] [10] [11] [12] [13] The present study excluded patients who showed any lumbar lesions on MRI, to eliminate lesion effects that could be related to chronicity of low back pain. Such exclusion was also made for the investigation of the association between the chronicity of the adult patients with no past history of low back pain from acute low back pain to a chronic one and the CSA of lumbar muscles on MRI. Bergmark 14 classified the muscles that control the trunk into two groups. The first group is the muscles that are directly attached to the lumbar vertebrae and provide spine segmental stability, which includes lumbar multifidus, transversus abdominis, and internal oblique muscles. The second group is composed of the large torque-producing muscles with no segmental atta chment to the lumbar vertebrae. These muscles control gross trunk movement and provide general trunk stability. Th is group includes erector spinae, rectus abdominis, and external oblique muscles. Among these muscles, the lumbar erector spinae muscle consists of the longissimus and iliocostalis muscles. Th e longissiums muscle originates from the lumbar transverse and accessory processes, and inserts onto the ventral surface of the posterior superior iliac spine. The iliocostalis www.e-arm.org muscle originates from the adjacent middle layer of the thoracolumbar fascia and the tips of the lumbar transverse processes and inserts onto the ventral edge of the iliac crest. 15 With these anatomical characteristics, the erector spinae muscle has a longer lever arm than the multifidus muscle, so most of the extensor momentum of the trunk is generated from the erector spinae muscle, rather than the multifi dus muscle. 16 Doff erhof and Vink 17 noted that since the erector spinae muscle has a longer lever arm than the multifidus muscle the contraction of the erector spinae muscle in lateral bending motion of the trunk is more effective, and it also plays more important roles for lateral bending during walking. Th ey also pointed out that the activation of the erector spinae muscle helps distribution of the force on the pelvis, facilitating a consistent distribution of the center of mass during walking. McGill 18 also reported that the erector spinae muscle has appreciable potential to generate torque in all fl exion-extension, lateral bending, and axial twisting motions. The erector spinae muscle has the anatomical characteristic of being able to generate more force compared to the multifidus muscle. Therefore, it provides control of the gross trunk movement and general trunk stability. A sudden and unexpected loading on the lumbar spine can be a potential cause for low back pain, and if lumbar muscles fail to properly react to such a sudden loading, the bending momentum and trunk movement can be greater, which may increase the risk of tissue damages. So, several studies have emphasizing the importance of the erector spinae muscle under these circumstances. [19] [20] [21] [22] When people lift things, the erector spinae muscle plays the key role to generate the torque. 19 When there is a sudden and unexpected loading on torso, the body's preparation for minimizing the destabilizing postural disturbance and the mechanical loading of the musculoskeletal system always involves the pretensioning of the erector spinae muscle. 20 The ability of reestablishment of the posture and balance after a sudden and unexpected change in the posture depends on the individuals' ability to rapidly and independently modulate erector spinae muscle. 21 There are reflex pathways between the erector spinae and lower leg, and the reflexes in erector spinae muscle initiated by the activation of sensory receptors in the foot that provide important information for posture and balance play a role in stabilizing the trunk for maintaining posture and balance. 22 When acute low back pain occurs in a healthy adult with no past history of low back pain, as in the present study, the CSA of erector spinae muscle at the lower margin of L5 vertebrae in CBP group was observed to be signifi cantly smaller than that of IBP group (p<0.05). While there may be many possible reasons for acute low back pain, most of the cases are thought to be because of sudden and unexpected posture change or loading on the lumbar spine. In these cases, the lumbar erector spinae muscle plays an important role in maintaining the posture and balance by stabilizing the lumbar spine. Th erefore, it seems that, for those whose CSA of erector spinae muscle is small, the risk of the developing into chronic low back pain could be higher.
In consideration of the gender ratio diff erence between the two groups in this study, not only the CSA of erector spinae muscle but also the proportion of the area to the lumbar muscles was measured for comparison. As was the case with the direct comparison of the CSA, the proportion of erector spinae muscle to lumbar muscles at the lower margin of L5 vertebrae was signifi cantly smaller in the CBP group (p<0.05). Th is was a comparison of the proportion of the CSA of erector spinae muscle to the total sum of the CSA of lumbar muscles, which showed a statistically signifi cant diff erence between the two groups without regard to the gender ratio, meaning that there is a association between the development of the acute back pain into a chronic one and the erector sipnae muscle. Also, since the IBP group had a smaller ratio of male patients (12 males and 13 females) compared to the CBP group (10 males and three females), and considering that males typically have larger muscles that females, it can be stated that the possibility of the mean CSA of the erector spinae muscle in the CBP group can be measured relatively larger than that of the IBP group compared to when the ratio between the two genders were equal. Th is implies that the statistically significantly smaller CSA of erector spinae muscle at the lower margin of L5 vertebrae in CBP group than that of IBP group is a sufficiently meaningful result.
In the present study, the CSA of the multifi dus muscle measured at the lower margin of L5 vertebrae did not differ significantly between the CBP and IBP groups. According to Hides et al. 10 and Wallwork et al., 11 the CSA www.e-arm.org of the multifidus muscle does not differ significantly between males and females at the L5 vertebral level. So, the results in this study could be regarded as signifi cant, in spite of the gender ratio difference between the two groups. Also, as with the case with the erector spinae muscle, the proportion of multifidus muscle to lumbar muscles was calculated and compared between the two groups. Like the comparison of the CSA, the proportion of the multifidus muscle at the lower margin of L5 ver te brae did not reveal any statistically significant difference between the two groups ( Table 3 ). This is the result of comparison of the proportion of the CSA of the multifidus muscle to the total CSA of lumbar muscles, having sufficient meaning without regard to the gender ratio difference. But, this result is somewhat different from those of previous studies, which focused on the important role of multifiuds muscle in the stabilization of the lumbar spine. There are several explanations for this. For the patients with chronic low back pain, there are two mechanisms that cause the atrophy of the multifi dus muscle: disuse and denervation. If multifi dus muscle atrophy is caused by disuse, the atrophy should be generalized. But, previous studies have established that multifidus muscle atrophy in the unilateral low back pain is localized rather than generalized. This negates the possibility of disuse atrophy as the basic mechanism. 10, 11, 23, 24 Kader et al. 8 concluded that lumbar dorsal ramus syndrome causes multifi dus muscle atrophy of patients with low back pain, which triggers a selfsustained vicious cycle that promotes atrophy. Barker et al. 24 noted that the multifidus muscle atrophy occurs where nerve root compression or irritation occurs, with the degree of atrophy being positively dependent on the duration and severity of the disease. Also, in a study that examined the histochemical changes of the multifidus muscle in the patients of lumbar herniated intervertebral discs, the atrophy of muscle fiber was only observed where there was nerve root impairment. 25 Th ese fi ndings suggest that the multifidus muscle atrophy in patients with chronic low back pain can be associated with lumbar lesions, such as lumbar herniated intervertebral discs, which could either pressurize or irritate the nerve roots. So, the present study excluded all the patients who had any lumbar lesions on MRI in order to eliminate the influence of the lesions. Thus, the present results are somewhat different from those of previous studies reporting multifidus muscle atrophy in patients with chronic low back pain. Also, while previous studies compared the CSA of lumbar muscles from patients with chronic low back pain with those of the healthy asymptomatic subjects, or those between the affected side and unaff ected side in patients with unilateral back pain, this study followed-up the patients who had an lumbar MRI at the earlier stage of low back pain and divided them into two groups by their duration of low back pain and compared the CSA of the lumbar muscles between the two groups, to investigate the association between the chronicity of low back pain and the CSA of lumbar muscles. So, the implications drawn of this study could be regarded as being diff erent from those of previous studies. In this study, the CSA of erector spinae muscle and the proportion of the area to lumbar muscles at the lower margin of L5 vertebrae in the CBP group were significantly smaller than that of the IBP group. At the lower margin of L3 vertebrae, however, the two groups did not show any statistically signifi cant diff erence. Th ese findings were because the majority of lumbar spinal movements and weight bearings occur at the lower lumbar level.
The two groups in this study showed no significant difference in the CSA of the psoas muscle at the lower margin of the L3 and L5 vertebrae. Th e CBP group, however, had a signifi cantly higher proportion of psoas muscle to the lumbar muscles at the lower margin of the L5 vertebrae. Th is fi nding seems to result from the relatively lower proportion of erector spinae muscle in the CBP group, because the proportions of the multifi dus muscle were almost the same in the two groups (Table 3) . Th ere were some limitations in this study. At fi rst, as was the case with the previous studies, 11, 13, 24 the small number of the subjects could be a limitation. Th ere were quite a number of patients who received a lumbar MRI in our Department of Rehabilitation for the 4-year period of the study. However, we excluded all of those with existing lumbar lesions on MRI to eliminate the infl uence of the lesions. As a result, a large number of patients with low back pain were excluded because of their lumbar lesions, and the study sample size became small. The second limitation is the difference in gender ratio between the two groups. To control this diff erence, we compared not only the CSA of the erector spinae muscle but also the www.e-arm.org proportion of the area to the lumbar muscles between the two groups. Also, since it is known that there is no gender diff erence in terms of the CSA of the multifi dus muscle at the L5 vertebral level, which is known to be the location of the frequent occurrence of multifi dus muscle atrophy and the majority of lumbar spinal movements and weight bearings, 10, 11, 24 we did not expect the gender difference would affect the result of this study seriously. But, as it has been shown that the CSA of the multifi dus muscle is larger in males than females at the L3 vertebral level, 10, 11 further studies with larger sample size will be necessary to compare male and female subjects.
CONCLUSION
The CSA of erector spinae muscle and the proportion of it to the lumbar muscles at lower lumbar level can be considered to be prognostic factors concerning chronicity of low back pain. So, we expect that evaluation of CSA of erector spinae muscle and the proportion of the area to the lumbar muscles using MRI will be valuable helpful for further evaluation and planning the treatment of acute low back pain.
